




















































































































































































































































































































































































































































































































































































































































































































































































1948 04-Jan-49 24-Dec-48 ±	2	days
1949 10-Jan-50 11-Dec-49 ±	2	days
1950 23-Nov-50 17-Nov-50 ±	1	day 28-Nov-50 14-Nov-50 ±	2	days
1951 15-Jan-52 28-Nov-51 ±	1	day 15-Jan-52 13-Jan-52 ±	2	days 1-Jan-52 ±	1	days
1952 27-Dec-52 09-Dec-52 ±	1	day 28-Oct-52 28-Dec-52 ±	2	days 25-Dec-52 ±	2	days
1953 24-Dec-53 15-Dec-53 ±	1	day 05-Jan-54 23-Dec-53 ±	1	day 16-Jan-54 ±	1	days
1954 7-Dec-54 21-Nov-54 ±	1	day 25-Jan-55 2-Jan-55 ±	2	days 27-Dec-54 ±	2	days
1955 9-Dec-55 02-Dec-55 ±	1	day 06-Dec-55 4-Jan-56 ±	3	days 9-Jan-56 ±	2	days 12-Jan-56
1956 5-Dec-56 29-Nov-56 ±	1	day 02-Oct-56 4-Dec-56 ±	2	days 10-Dec-56 ±	2	days 11-Dec-56
1957 26-Dec-57 15-Dec-57 ±	6	days 21-Jan-58 22-Dec-57 ±	1	day 28-Dec-57 18-Dec-57 ±	2	days 19-Dec-57 25-Dec-57
1958 22-Dec-58 04-Dec-58 ±	1	day 23-Dec-58 28-Dec-58 ±	2	days 03-Jan-59 26-Dec-58 ±	2	days 1-Jan-59 31-Dec-58 3-Jan-59
1959 25-Dec-59 09-Dec-59 ±	10	days 08-Dec-59 18-Dec-59 ±	2	days 21-Dec-59 17-Dec-59 ±	1	days 17-Dec-59 8-Dec-59
1960 28-Dec-60 05-Dec-60 ±	1	day 22-Nov-60 21-Dec-60 ±	0	days 24-Dec-60 23-Dec-60 ±	2	days 22-Dec-60 24-Dec-60
1961 21-Dec-61 29-Nov-61 ±	1	day 14-Nov-61 2-Jan-62 ±	0	days 06-Jan-62 4-Jan-62 ±	2	days 4-Jan-62 5-Jan-62
1962 22-Dec-62 04-Dec-62 ±	1	day 13-Nov-62 22-Dec-62 ±	1	day 21-Jan-63 23-Dec-62 ±	2	days 25-Dec-62 28-Dec-62
1963 13-Jan-64 05-Dec-63 ±	1	day 07-Jan-64 13-Dec-63 ±	3	days 03-Jan-64 2-Jan-64 ±	1	days 1-Jan-64 3-Jan-64
1964 2-Dec-64 13-Nov-64 ±	1	day 24-Nov-64 3-Dec-64 ±	2	days 03-Dec-64 6-Jan-65 ±	2	days 3-Dec-64 30-Jan-65
1965 25-Dec-65 17-Dec-65 ±	4	days 07-Dec-65 7-Dec-65 ±	3	days 15-Jan-66 25-Dec-65 ±	2	days 3-Jan-66 14-Jan-66
1966 31-Dec-66 06-Dec-66 ±	1	day 07-Mar-67 13-Jan-67 ±	3	days 21-Jan-67 27-Dec-66 ±	2	days 17-Jan-67 21-Jan-67
1967 7-Jan-68 02-Jan-68 ±	1	day 19-Dec-67 12-Jan-68 ±	3	days 14-Jan-68 3-Dec-67 ±	2	days 5-Jan-68 17-Jan-68
1968 9-Jan-69 05-Jan-69 ±	0	days 25-Feb-69 14-Jan-69 ±	3	days 07-Jan-69 18-Dec-68 ±	2	days 7-Jan-69 7-Jan-69
1969 8-Dec-69 25-Dec-69 ±	10	days 23-Dec-69 27-Jan-70 ±	0	days 22-Dec-69 5-Dec-69 ±	2	days 20-Dec-69 20-Dec-69
1970 10-Dec-70 28-Nov-70 ±	10	days 10-Nov-70 23-Dec-70 ±	1	day 04-Dec-70 26-Nov-70 ±	2	days 2-Dec-70 5-Dec-70
1971 6-Dec-71 30-Nov-71 ±	8	days 21-Dec-71 7-Dec-71 ±	3	days 07-Dec-71 2-Dec-71 ±	2	days 6-Dec-71 10-Dec-71 8-Dec-71
1972 6-Jan-73 04-Dec-72 ±	1	day 16-Jan-73 22-Jan-73 ±	3	days 25-Jan-73 3-Jan-73 ±	2	days 23-Jan-73 6-Jan-73
1973 15-Nov-73 27-Dec-73 ±	3	days 06-Nov-73 14-Dec-73 ±	3	days 22-Nov-73 15-Nov-73 ±	1	days 13-Dec-73 18-Dec-73 22-Nov-73
1974 5-Dec-74 04-Dec-74 ±	1	day 19-Nov-74 31-Dec-74 ±	1	day 25-Dec-74 20-Dec-74 ±	2	days 4-Jan-75 26-Dec-74
1975 1-Nov-75 22-Nov-75 ±	10	days 28-Oct-75 3-Dec-75 ±	2	days 06-Dec-75 30-Nov-75 ±	1	days 1-Dec-75 6-Dec-75
1976 10-Dec-76 14-Jan-77 ±	1	day 26-Oct-76 7-Jan-77 ±	3	days 12-Jan-77 3-Dec-76 ±	2	days 9-Dec-76 13-Dec-76 12-Dec-76
1977 15-Dec-77 18-Dec-77 ±	1	day 27-Dec-77 13-Dec-77 ±	3	days 12-Dec-77 11-Dec-77 ±	2	days 11-Dec-77 18-Dec-77 16-Dec-77
1978 7-Dec-78 31-Oct-78 ±	1	day 05-Dec-78 24-Dec-78 ±	1	day 06-Jan-79 26-Dec-78 21-Dec-78 ±	2	days 22-Dec-78 26-Dec-78 26-Dec-78
1979 20-Dec-79 01-Jan-80 27-Dec-79 ±	1	day 01-Jan-80 24-Dec-79 ±	1	day 30-Dec-79 28-Dec-79 29-Dec-79 28-Dec-79 ±	2	days 29-Dec-79 30-Dec-79 28-Dec-79 30-Dec-79
1980 30-Dec-80 05-Jan-81 16-Dec-80 ±	1	day 06-Jan-81 7-Jan-81 ±	3	days 06-Jan-81 4-Jan-81 6-Jan-81 3-Jan-81 ±	2	days 4-Jan-81 16-Dec-80 6-Jan-81
1981 2-Dec-81 13-Jan-82 28-Nov-81 ±	1	day 17-Nov-81 23-Nov-81 ±	0	days 15-Jan-82 27-Nov-81 11-Jan-82 24-Nov-81 ±	1	days 23-Nov-81 24-Nov-81 26-Nov-81
1982 11-Jan-83 31-Dec-82 ±	5	days 18-Jan-83 31-Dec-82 ±	1	day 08-Jan-83 31-Dec-82 1-Jan-83 31-Dec-82 ±	1	days 7-Jan-83 30-Dec-82 8-Dec-82
1983 04-Jan-84 26-Nov-83 ±	1	day 10-Jan-84 04-Dec-83 5-Jan-84 31-Dec-83 25-Nov-83 ±	2	days 5-Jan-84 28-Nov-83 26-Nov-83
1984 19-Dec-84 26-Nov-84 ±	4	days 23-Oct-84 16-Dec-84 8-Dec-84 7-Dec-84 ±	2	days 10-Dec-84 08-Dec-84 11-Dec-84
1985 13-Jan-86 27-Dec-85 ±	1	day 22-Oct-85 18-Jan-86 14-Jan-86 15-Jan-86 20-Dec-85 ±	2	days 16-Jan-86 26-Dec-85 18-Jan-86
1986 12-Jan-87 08-Nov-86 ±	10	days 21-Oct-86 15-Jan-87 13-Jan-87 15-Jan-87 1-Jan-87 ±	1	days 14-Jan-87 11-Jan-87 14-Jan-87
1987 21-Dec-87 14-Dec-87 ±	1	day 17-Nov-87 19-Dec-87 14-Dec-87 17-Dec-87 13-Dec-87 ±	2	days 14-Dec-87 15-Dec-87
1988 05-Dec-88 21-Nov-88 ±	4	days 08-Nov-88 20-Dec-88 9-Dec-88 16-Nov-88 ±	1	days 27-Nov-88 30-Nov-88
1989 16-Jan-90 13-Dec-89 ±	0	days 31-Oct-89 13-Dec-89 6-Jan-90 13-Dec-89 20-Nov-89 ±	2	days 11-Dec-89 08-Jan-90
1990 31-Dec-90 11-Dec-90 ±	1	day 18-Dec-90 26-Dec-90 20-Dec-90 22-Dec-90 18-Dec-90 ±	2	days 03-Dec-90 28-Dec-90
1991 06-Feb-92 28-Nov-91 ±	4	days 17-Dec-91 07-Jan-92 31-Dec-91 6-Jan-92 30-Dec-91 ±	2	days 03-Jan-92 01-Jan-92
1992 23-Dec-92 30-Nov-92 ±	10	days 24-Nov-92 17-Dec-92 22-Jan-93 30-Nov-92 ±	1	days 16-Dec-92 04-Jan-93
1993 25-Dec-93 19-Dec-93 ±	1	day 25-Jan-94 12-Dec-93 ±	2	days 12-Dec-93 19-Dec-93
1994 12-Jan-95 18-Dec-94 ±	5	days 14-Feb-95 13-Jan-95 12-Jan-95 ±	2	days 15-Dec-94 14-Jan-95
1995 24-Jan-96 16-Nov-95 ±	10	days 3-Dec-95 ±	2	days 05-Dec-95 10-Dec-95
1996 17-Dec-96 09-Dec-96 ±	0	days 12-Dec-96 ±	2	days 11-Dec-96 24-Dec-96
1997 21-Dec-97 24-Dec-97 ±	1	day 25-Dec-97 21-Dec-97 ±	2	days 11-Dec-97 12-Dec-97
1998 12-Dec-98 08-Dec-98 ±	1	day 26-Dec-98 20-Nov-98 ±	2	days 10-Nov-98 24-Nov-98
1999 21-Dec-99 24-Dec-99 ±	5	days 8-Dec-99 ±	1	days 08-Dec-99 23-Dec-99
2000 27-Nov-00 03-Dec-00 ±	1	day 24-Nov-00 ±	1	days 25-Nov-00 04-Dec-00
2001 05-Feb-02 30-Nov-01 ±	1	day 29-Nov-01 ±	2	days 05-Dec-01
2002 18-Dec-02 ±	1	day 29-Dec-02 ±	2	days 01-Jan-03
2003 20-Dec-03 ±	3	days 16-Dec-03 ±	1	days 16-Dec-03
2004 18-Dec-04 ±	1	day 23-Dec-04 ±	2	days 22-Dec-04





















































and	 Kim	 2006;	Drosdowsky	 and	Wheeler	 2014;	 Smith	 et	 al.	 2008;	 Kim	 et	 al.	 2006;	Webster	 et	 al.	339	
1998;	Nicholls	et	al.	1982)	all	showed	a	strong	connection	between	the	SOI	or	other	ENSO	indicators	340	




SOI	 and	 monsoon	 onset	 of	 -0.56	 and	 -0.48,	 respectively.	 Holland’s	 (1986)	 wind-only	 definition,	345	
requiring	westerly	winds	at	the	850	hPa	level	from	the	Darwin	sounding,	showed	some	connection	346	
with	ENSO	parameters;	however,	no	significant	correlation	was	found	between	seasonal	onset	and	347	
the	 SOI	 in	 the	 year	 leading	 up	 to	 the	 summer	 monsoon	 season;	 in	 particular,	 the	 length	 of	 the	348	
season	is	quite	poorly	related	to	the	SOI	(Holland	1986).	Hung	and	Yanai	(2004),	which	use	850	hPa	349	







study.	 1986-1987	 was	 an	 El	 Niño	 year	 and	 the	 monsoon	 onset	 was	 delayed	 by	 more	 than	 one	357	
standard	 deviation,	 occurring	 on	 14	 January	 1967	 (using	 the	 850	 hPa	wind	 onset	 definition	 from	358	
Holland	1986).	Hendon	et	al.	(1989)	were	able	to	focus	on	the	physical	mechanisms	that	that	were	359	
influencing	 the	 monsoon	 onset.	 They	 point	 to	 the	 broad	 scale	 subsidence	 over	 the	 Maritime	360	
Continent	region	as	a	cause	for	convective	inhibition	during	the	expected	monsoon	onset.	361	
The	Madden-Julian	Oscillation	(MJO)	has	been	shown	to	be	another	major	factor	in	monsoon	onset	362	
date	(Joseph	et	al.	1991;	Hendon	and	Liebmann	1990a,b;	Wheeler	and	McBride	2012;	Wheeler	and	363	
Hendon	2004;	Pope	et	al.	2009;	Hendon	et	al.	1989).	It	has	been	shown	that	when	the	MJO	signal	is	364	
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strong,	85%	of	the	monsoon	onset	dates	occur	while	the	MJO	is	in	phases	4–7	and	only	15%	of	the	365	
onset	dates	occur	in	the	other	phases	(Wheeler	and	McBride	2012;	Pope	et	al.	2009).	366	
Joseph	et	al.,	(1991)	used	the	Hendon	and	Liebmann,	(1990a)	onset	definition	to	show	a	correlation	367	
(-0.56)	between	Australian	monsoon	onset	dates	and	the	strength	of	the	Indian	summer	monsoon.	368	
They	found	that	years	of	below	(above)	normal	Indian	summer	monsoon	rainfall	were	followed	by	369	
delayed	(early)	Australian	monsoon	onset.		370	
Rogers	and	Beringer	(2017)	use	the	Smith	et	al.	(2008)	definition	of	rainy	season	onset	and	the	371	
Kajikawa	et	al.	(2010)	Australian	monsoon	index	(AUSMI)	to	investigate	which	climate	indices	have	372	
the	strongest	influence	on	northern	Australian	rainfall.		They	show	that	strongest	correlated	indices	373	
with	annual	rainfall	in	the	tropics	are	an	Indonesian	SST	index,	a	Tasman	Sea	SST	index,	and	the	374	
ENSO	modoki	index.	The	physical	mechanisms	linking	these	indices	and	north	Australian	rainfall	375	
were	not	explained	in	Rogers	and	Beringer	(2017)	and	should	be	a	topic	of	further	research.	376	
A	question	that	remains	when	considering	the	climate	influences	on	Australian	monsoon	onset	377	
timing	is:	does	the	correlation	shown	in	these	papers	remain	as	strong	when	applied	to	other	378	
monsoon	onset	definitions?	Some	of	these	studies	are	over	twenty	years	old,	do	the	correlations	379	
remain	robust	when	more	decades	of	data	are	considered?	The	authors	intend	to	address	these	380	
questions	in	future	research.				381	
5. Conclusion	382	
The	aim	of	this	paper	has	been	to	assess	the	different	methods	used	to	define	the	Australian	383	
monsoon	and	wet	season	onset.	We	have	identified	25	unique	ways	to	define	the	Australian	384	
monsoon,	and	its	onset,	from	the	scientific	literature.		The	quantity	of	different	onset	definitions	for	385	
the	Australian	monsoon	highlights	a	known	difficulty	in	this	area	of	research.	While	the	broad	386	
definition	of	the	monsoon	is	generally	accepted,	the	exact	criteria	used	to	define	the	monsoon,	and	387	
identify	when	a	monsoon	pattern	is	in	place,	are	widely	varied	(Kim	et	al.	2006;	Smith	et	al.	2008;	388	
Wang	et	al.	2004).	Different	methods	pin	the	“onset”	to	different	events	throughout	the	progression	389	
of	the	north	Australian	wet	season—some	capture	a	“wet	season	onset”	while	others	capture	the	390	
dynamical	overturning	of	the	atmosphere,	i.e.	“the	monsoon”.	391	
Many	studies	have	introduced	monsoon	indices	(e.g.,	Kajikawa	et	al.	2010;	Li	and	Zeng	2002)	which	392	
have	provided	greater	insight	to	monsoon	patterns,	however,	each	index	has	some	marked	393	
limitations	in	spatial	and/or	temporal	scope.	For	example,	the	Drosdowsky	(1996)	criterion	produces	394	
accurate	diagnostics	for	monsoon	patterns	at	one	particular	location,	Darwin,	rather	than	the	395	
broader	tropics	region	and	cannot	be	applied	to	other	point	locations	(This	issues	was	addressed	by	396	
Davidson	et	al.,	2007).	Drosdowsky	(1996)	has	the	added	benefit	of	being	able	to	be	applied	in	near-397	
real	time	and	can	be	used	operationally	by	weather	forecasters,	while	other	indices	(e.g.	Kim	et	al.	398	
2006;	Nicholls	1984)	can	be	applied	only	to	seasonal	or	interannual	monsoonal	variability	and	cannot	399	
give	insight	to	current,	real-time	or	short-term	weather	patterns.	Some	other	weaknesses	of	current	400	
indices	and	criteria	are	that	many	lack	real-time	monitoring	or	prognostic	capabilities,	or	are	based	401	
on	data	that	is	difficult	to	obtain	or	are	not	updated	in	real-time	and	therefore	cannot	be	used	402	
operationally	(Tanaka	1994;	Murakami	and	Matsumoto	1994;	Xie	and	Arkin	1997;	Hung	and	Yanai	403	
2004;	Kim	et	al.	2006;	Kajikawa	et	al.	2010;	Zhang	2010;	Evans	et	al.	2014).		404	
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Future	research	includes	the	re-creation	(as	much	as	possible)	of	the	different	monsoon	criteria	for	a	405	
consistent	time	period	to	do	a	true	side-by-side	comparison	of	the	strengths,	weaknesses	and	utility	406	
of	all	the	different	monsoon	indices	mentioned	above.	There	needs	to	be	further	examination	into	407	
the	physical	mechanisms	that	influence	monsoon	onset	timing	on	a	seasonal	timescale	(i.e.	why	are	408	
some	seasons	late	and	other	seasons	early?)	and	intra-seasonal	variability	in	the	hopes	that	a	409	
consistent	mechanism	can	be	found	that	could	provide	some	insight	into	seasonal	predictions.	This	410	
study	focused	on	the	Australian	monsoon,	the	authors	acknowledge	that	a	more	detailed	analysis	411	
would	be	valuable	for	other	global	monsoon	systems	adding	to	this	work	as	well	as	that	by	Wang	et	412	
al.	(2004)	for	the	South	China	Sea	monsoon,	Fitzpatrick	et	al.	(2015)	for	the	African	monsoon,	and	by	413	
Noska	and	Misra	(2016)	for	the	Indian	summer	monsoon.				414	
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